We study the generalized Riemann problem of the Chapman-Jouguet model for an ideal combustible Chaplygin gas. By analyzing the wave curves in the phase plane, we construct uniquely the solution of the generalized Riemann problem under the global entropy conditions. We find that although there is no combustion wave of the corresponding Riemann solution, the combustion wave may occur after perturbation which reveals the instability of the unburnt gas.
Introduction
In the present paper we study the one-dimensional adiabatic, inviscid flow of ideal combustible Chaplygin gas in Euler coordinates ( ) (1) where , , 0 u p ρ < , T and i T are respectively the density, velocity, pressure, temperature and ignition temperature. q is the chemical binding energy. In addition 2 u and internal energy e, the total energy E also contains the chemical binding energy q, i.e., 2 2 u E e q = + + . For simplicity, the state equation is 1 p ρ = − and the internal energy 2 p e ρ = − . We also assume that the combustion process is exothermic, i.e., the energy used up in recombing the atoms to form the new molecules is smaller for the burnt gas than the binding energy of the unburnt gas [1] . Chaplygin gas was introduced by Chaplygin [2] and it arose many authors' interest [3] [4] [5] [6] .
There are two well-known mathematical models, which we use to study combustion phenomena in chemically reactive gas: the Chapman-Jouguet (CJ) model and the Zeldovich-von Neumann-Döring (ZND) model [1] [7] . CJ model has infinite reaction velocity, and ZND model has finite reaction velocity, which exists finite reaction process. Courant 
where τ is the specific volume which satisfies that 
and proved that the selfsimilar solutions of the corresponding CJ model (2) In [12] , we studied the Riemann problem for (1) with the initial data
where 0 0, , 0 or , .
In this paper we study the generalized Riemann problem for (1) with the initial data
The problem (1) and (6) may be regarded as a perturbation of the corresponding Riemann problem (1) and (4) . The generalized Riemann problem is the new initial value problem which has the new initial values (6) . Naturally, we wonder if the solutions of (1) and (6) are similar to the corresponding Riemann solutions of (1) and (4) in the neighborhood of the origin. Our results show that for most of the cases, the structures of the Riemann solutions are able to retain their forms after perturbation while for some other cases; the perturbation brings essential changes to the structure of the Riemann solutions. We find that although there is no combustion wave of the corresponding Riemann solution, the combustion wave may occur after perturbation which reveals the unburnt gas is unstable. We assume that the combustion process takes place with an infinite rate of reaction, i.e., q takes only two values: 0 0 q > for the unburnt gas and 0 for the burnt gas.
This paper is organized as follows. In Section 2, we present some preliminaries.
In Section 3, we construct the solutions of the generalized Riemann problem for the CJ combustion model (1) with the initial data (6) under the global entropy conditions. Our main result is given in Section 4.
Preliminaries
As a preparation, we study the Riemann problem for (1) and (4) and refer the detailed discussions to [12] [13] .
There are two characteristic roots of (1), which are 
system (1.1) is strictly hyperbolic. The corresponding right characteristic vector of ( ) 
the forward or backward shock wave curve ( )
where [ ] r l u u u = − , etc. Since the characteristic line from the initial point will overlap, from [14] we should consider the delta shock wave solution.
Assume that Furthermore, the delta shock wave must satisfy the following entropy condi-
The above solution is called the delta shock wave solution which is denoted by S δ .
In the phase plane ( ) , u p (Figure 1 ), we can draw wave curves ( ) ( Figure 1(a) ). We know that if ( ) S r  is located in the left side of the straight line, we obtain a delta shock wave solution. Similarly, we draw wave curves (Figure 1(b) ). If ( ) S l  is located in the right side of the straight line, we get a delta shock wave solution.
Now we investigate the combustion wave curves in the ( ) because along the detonation wave both pressure and density increase and along the deflagration wave both pressure and density decrease [1] . When 0+ − = = , the gas on both sides are burnt and there is no combustion wave. The Riemann problem is resolved in [13] .
When q + and q − are not both zero, combustion wave will occur. For simplicity, we just need to consider the following two cases. For this case, the backward wave curve is (Figure 3 ).
Our discussions are divided into two possibilities. (Figure 4(a) ).
2) When
the condition A, we select S * and obtain a noncombustion wave solution ( Figure   4(b) ).
3) When
β * = , from the condition A, we select S * and obtain a noncombustion wave solution (Figure 4(b) ).
4) When
the condition B, we select D * and obtain a combustion wave solution containing a DF or DT (Figure 4(a) ). In this subcase, we can only consider the delta shock wave solution S δ connecting the state (−) and (+) which is expressed as follows:
, , ( )
, For this case, the backward wave curve is (Figure 7) .
According to the different cases of the corresponding Riemann solutions of (1) and (4), we construct the solutions under the global entropy conditions in [12] case by case for (1) and (6) . For simplicity, we only consider some interesting phenomena. For the other cases, similar discussions can be carried out. For simplicity, we use the same symbols after perturbation since there is no any confusion. 
Conclusions
Based on the above analysis, we find that, for most cases, the corresponding Riemann solutions are stable under the global entropy conditions. While for some other cases, a small perturbation on the initial data may lead to essential changes to the corresponding Riemann solutions. The perturbation may make the combustion wave extinguished. For some cases, although the corresponding Riemann solution doesn't contain combustion wave burning happens after perturbation which shows the instability of the unburnt gas. Notice that there are much richer structures of the perturbed Riemann solutions of our combustible model (1) and (6) than that of the conventional combustible gas dynamics model (2) and (6).
Theorem 4.1. Under the global entropy conditions, there exists uniquely solution for the generalized Riemann problem (1) and (6) in a neighborhood of the origin ( 0 t > ) on the ( ) , x t plane.
Notice that the reaction velocity in our CJ model is infinite, which is an idealized hypothesis, while our model is still very important in many applications, we will discuss the initial value problem for the ZND model with finite reaction velocity in our coming works.
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